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Abstract 
We have analyzed the detailed quantum dynamics of a 3D quantum dot in a magnetic field. The dot is taken to be lodged in a 
bulk medium in a high magnetic field and it is represented by a three-dimensional Dirac delta function potential which would 
support just one subband state if there were no magnetic field. The integral equation for the Schrödinger Green's function of this 
system is solved in closed form analytically and the single particle subband energy spectrum and the density of states are 
examined taking account of splintering of the subband spectrum by landau quantization. 
PACS:73.21.La, 71.70.Di, 73.22.-F.
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1. Introduction 
Quantum dots have become one of the principal focal points of interest in current research dealing with the quest for 
a new generation of nanostructured electronic devices. Frequently, the dots are viewed as being parabolically 
confined, and, alternatively, other dots are often characterized as a tightly confined one-or-two state system. 
Naturally, it is of interest to examine the quantum kinematics and dynamics of such dots in a quantizing magnetic 
field, since the magnetic field can probe their properties and could also act as a tuning agent to modify them. The 
place to start is the energy spectrum, and while parabolically confined dots have received considerable attention, 
much less consideration has been given to tightly confined ones in a magnetic field inducing Landau quantization. 
One such analysis of tightly confined dots in terms of Landau eigenfunctions has been carried out recently with 
interesting results [1]. We examine the same problem here from a Green's function point of view. 
2. Green's Function for a 3D quantum Dot 
The potential for a tightly confined quantum dot at the origin is taken as ( )1o㪿
 (1) 
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where  is essentially the product of the confining potential well depth, U3 ( ) 0d UD  ³ r r 0, and the volume of 
the dot. The Green's function for electron propagation in all space, including the dot region obeys the integral 
equation (frequency representation) 
3 (3)
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where 3
B
DG  is the bulk Landau-quantized electron Green's function for all space, with no quantum well. Eq. (2) may 
be rewritten as 
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and setting 1  throughout we can solve for 0or 2(0, ; )G Zr , which facilitates the full solution in the form 
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The first term on the right describes propagation of Landau-quantized electrons in all space, and the second term 
introduces the effects of the quantum well. 
It is, of course, of interest to examine the role of the quantum well even in the absence of the magnetic field, so 
we look for bound subband states in its absence, 
31 (0,0)DG 0,D   (5) 
where the retarded zero-field Green's function, 3DG , is given by (Helmholtz; )0iZ Z
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This is divergent for 1 2 , but this divergence is an artifact of the -confinement of the potential well 
to a single point at the origin. Realistically, the well has a small but finite radius a  and the integral equation (2) 
should be solved more carefully. With this in view, it is reasonable to view the formal solution of Eq.(4) as being 
"smeared" over the radius , and write 
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In this approximate sense, the dispersion relation (Eq.(5)) takes the form 
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which bespeaks a single subband state in the well if (|ǩ |m/2Ǹa)>1, otherwise none. This is a reasonable 
description for the energy spectrum of a quantum well sufficiently 
deep to support just one subband. 
3. High Magnetic Field Quantization Effects 
The retarded Green's function for a spinless 3D bulk electron (absent dot) subject to Landau quantization is well 
known as (direct time representation; magnetic field in z -direction) [2]
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in position-time representation, with 1 2T t , 1 2t  X x x  1 2Y y y  1 2Z z z  cZ, , ,  is the cyclotron 
frequency and ( )TK  is the Heaviside unit step function. Furthermore, 
C(r1,r2)=exp[i(e/2)r1࡮Hr2]. (10) 
1 2 0  r r  ( , , ) with 0X  0Y  0Z  Fourier transforming from time to frequency representation, and setting 
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Expanding the integrand, 
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the T -integral may be evaluated as 
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Not surprisingly, this series diverges as n , as does the T -integral of Eq.(11). Khalilov and Chibirova argue 
reasonably that a cutoff terminating the sum, rendering it convergent, arises from Landau level matrix elements 
analyzed over a small but finite region of the dot [1]. We proceed along somewhat different lines with installation of 
a "smear" radius " ", putting  and 
of
2 2X Y a o 2 2 2Z aoa  in 
Eq. (9), leading to 
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where we have expanded the last exponential on the right hand side of the T-integrand in Laguerre polynomials [3],
, that embody the Landau eigenstate matrix elements of the normal plane in closed form. The T-integral of 
Eq.(15) can be carried out with the result [4,5]
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The n-series of Eq.(16) is convergent since, for large n, the frequency Z -dependent factor behaves like (restoring 
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Correspondingly, the series can be cut off for 
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and for lower values of n  the smallness of the dot size " " yields Eq. (13) from Eq.(16), albeit the n-sum is cut off. 
Noting that the infinite series of Eq.(13) is divergent, it would be unwise to include terms beyond the appropriate 
cutoff mandated by Eq.(18), notwithstanding the inclusion of one million terms in Ref.1. 
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4. Conclusions: the Spectrum 
We have employed Eq.(16) in the dispersion relation of Eq.(4), finding one root in each interval separating adjoining 
contributing Landau levels for U 0.067 em m 0=200 meV, 2cZ  meV, , and ǩ =25eV࡮ nm3, with 12 
contributing levels in accordance with Eq.(18). These roots are sufficiently close to one Landau level that they may 
be calculated using a single term on the right of Eq.(13), 
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whence the nth root is approximately given by 
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( )D Zfor the parameters described above. Furthermore, we have determined the density of states, , using Eqs.(4) 
and (16) jointly with 
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The results are shown in Fig.1. It is immediately apparent that the modes have a finite linewidth involving a narrow 
continuum of states within a given Landau interval. This is to say that the modes are damped, representing 
quasibound states that can leak (tunnel) into the z-continuum. 
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Fig. 1 Density of States for a Quantum Dot in a Magnetic field subject to Landau  quantization (Ǭ=0.0001
ȁ  is a tiny linewidth artificially inserted [ȁψȁ+iǬ] to facilitate computation).c
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